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Abstract— Background: Previous works have shown that
risk factors for some kinds of cancer depend on people’s
lifestyle (e.g. rural or urban residence). This article looks
into this, seeking relationships between cancer, age group,
gender and population in the region of Lleida (Catalonia,
Spain) using Multiple Correspondence Analysis (MCA).
Methods: The dataset analysed was made up of 3,408
cancer episodes between 2012 and 2014, extracted from
the Population-based Cancer Registry (PCR) for Lleida
province. The cancers studied were colon and rectal (1,059
cases), lung (551 cases), urinary bladder (446 cases),
prostate (609 cases) and breast (743 cases). The MCA
technique was applied and used to search relationships
among the main qualitative features. The basic statistics
were the percentage explaining (variance), the inertia and
the contribution of each qualitative variable.
Results: General outcomes showed a low and moderate
contribution of living in rural areas to colorectal and male
prostate cancer. Males in urban areas were slightly and
heavily affected by lung and urinary bladder cancer re-
spectively. The analysis of each cancer provided additional
information. Colorectal cancer greatly affected males aged
<60, urban residents aged 70-79, and rural females aged
≥ 80. The impact of lung cancer was high among urban
females <60, moderate among males aged 70-79 and high
among rural females aged ≥ 80. The results for urinary
bladder cancer results were similar to those for lung cancer.
Prostate cancer affected both the <60 and ≥ 80 age groups
significantly in rural areas. Breast cancer hit the 70-79
group significantly and, somewhat less so, rural females
aged ≥ 80.
Conclusions: MCA was a significant help for detecting
the contributions of qualitative variables and the associ-
ations between them. MCA has proven to be an effective
technique for analyzing the incidence of cancer. The out-
comes obtained help to corroborate suspected trends, as
well as detecting and stimulating new hypotheses about
the risk factors associated with a specific area and cancer.
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These findings will be helpful for encouraging new studies
and prevention campaigns to highlight observed singulari-
ties.
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I. BACKGROUND
CANCER is the second leading cause of death globally.Between 30–50% of cancers can currently be prevented
by avoiding risk factors and implementing existing evidence-
based prevention strategies. The continuous rise of this disease
over recent decades is attributed to the impact of aging among
an increasingly elderly population [1].
Cancer recording is considered a key factor in controlling
the disease [2]. The purpose of the registers is to detect and
fully record all cases of cancer diagnosed among the residents
of the reference area [2], [3]. There are three population-based
cancer registers (PCR) in Catalonia (Spain), these being the
PCRs of the provinces of Lleida, Girona and Tarragona [4].
Barcelona is the fourth province. However, it has no PCR.
These records indicate the existence of territorial differences
that would need to be studied. Recent studies suggest differ-
ences in the incidence of cancer, temporal trends, and mortality
among urban and rural areas which are attributable to exposure
to different risk factors, access to screening programs, and
regular diagnosis and treatment [5]. Specifically, the popula-
tion of the Lleida region presents life styles, risk factors and
work activity which can be traduced to a specific incidence
for certain types of cancer. Nearly half of the population of
Lleida province live in rural areas. As a consequence, their
lifestyle is different from that of the more urban populations
in other Catalan provinces. A peculiarity of this region is the
work environment. In rural areas, the main activity is the agri-
food industry and, in urban areas, it is service sector activities
such as education, health and catering.
In the literature, there are several reports that present the
incidence of cancer in rural and urban areas. In 1992, the
University of North Carolina presented a rural-urban pattern
study of cancer mortality [6] and explained differences in its
incidence among rural versus urban populations. It concluded
that cancer is diagnosed at more advanced and more dissem-
inated stages of the disease in rural populations because they
are typically older, less educated, poorer and have less access
to such health care services as early-cancer detection. Potential
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explanations were given for lower overall incidence rates in
rural areas compared with urban zones. These include smoking
(more prevalent in urban areas) and exposure to environmental
pollutants. Whitney E Zahnd et al ( [5]) presented a report
about rural-urban differences in cancer incidence and trends in
the United States. The study analyzed age-adjusted incidence
rates, ratios and annual percentage change (APC) for all
cancers detected between 2009 and 2013. Concretely, this
report concludes that cancer rates associated with modifiable
risks-tobacco, human papillomavirus, and some preventive
screening modalities (e.g., colorectal and cervical cancers)-
were higher in rural settings compared with urban populations.
Next, the work in [7] concluded that, although cigarette smok-
ing is the primary cause of lung cancer, there are other risk
factors which may differ by geographic region. These include
passive smoking, exposure to indoor radon and asbestos.
Finally, [8] present a work investigating urban-rural variations
in the incidence of several cancers after adjusting them for
socioeconomic status. This interesting article concluded that
the risk of some cancers varied with area and gender. For
example, the risk of prostate cancer was higher in rural areas
and as was that of breast cancer in females in urban areas.
Recently, the PCR team in Lleida presented a descriptive-
analytic study highlighting the preliminary results of the
impact and incidence of cancer in urban and rural areas [9].
The article compared the number of cancer cases between rural
and urban areas according to the crude data rates from the
Catalan Population-based Cancer Registry. Tumour ranking
and rates obtained in the different areas of the province of
Lleida suggested that some cancers have particular features
that should be investigated. Jointly with this incipient work,
the related literature [5]–[8] has led us to study the incidence
of major cancers by rural and urban areas. Many efforts
have been made to measure the incidence of cancer by using
such traditional methods as density rates, annual rates or the
Spearman rank correlation coefficient. However, none of them
has provided enough evidence of a relation between cancer
and population.
To address these limitations, this paper proposes studying
the differences between urban and rural populations. The
method proposed is the application of Multiple Correspon-
dence Analysis (MCA) to stimulate new hypotheses and
relations between the characteristics of the patients and the
incidence of cancer in the province of Lleida.
As the main contribution of this study, we propose the use
of MCA as a statistical technique to search for associations
between the registered data for cancer in the province of
Lleida (Catalonia). This province has a good balance between
rural and urban populations and the dataset is mainly made
up of categorical variables. In [10], the authors asserted that
MCA helped them to classify the degree of tumor regression
with a categorical dataset. This led us to assess our challenge
with the same statistics using MCA. The outcomes obtained
demonstrate the usefulness of this technique in this kind of
data analysis, made up exclusively of categorical variables.
II. METHODS
The Population-based Cancer Registry (PCR) of the health
region of the province of Lleida (HRPLL) was the basis for
this descriptive epidemiological study into cancer. The main
information sources were hospital records (ICD-9 codes-140.0
to 208.9) and reports from pathological anatomy. Before ex-
tracting the information for this study, the cases were reviewed
and validated using ASEDAT1. Then, an accurate description
of the data and basic concepts of the MCA statistical technique
used in this work are explained in this section.
A. Data
Lleida is the largest province in Catalonia with a population
density of 36 people per square kilometre. More specifically,
the population was 438,001 in 2014 [12], 221,891 men and
216,110 women. Approximately half of the population lives
in rural areas. In accordance with [13], people living in cities
with a population of more than 10,000 are classified as “urban”
in this study and the rest as “rural”2. In 2014, the respective
urban and rural populations were 199,300 and 238,701. Thus,
this is a well-balanced dataset for studying differences between
urban and rural populations in the risk-factors for cancer.
The data are made up of the information registered between
2012-2014 in the Lleida PCR [14], [15] for cancer patients
in the main hospitals in the health region of the province of
Lleida. These are the Arnau de Vilanova University Hospital
(HUAV) and the Santa Maria University Hospital (HUSM).
The study is GDPR3-compliant, maintaining the anonymity
of the patients. Cancer episodes were recorded according to
international criteria. These go from the case definition to the
operation system and the final results obtained in order to
ensure reliability, the validation of the data and comparison
with other hospital registers.
The initial dataset consisted of 3,423 new cancer diagnoses
in the HRPLL during 2012-2014. After applying data cleaning
by using the Box Plot technique to discard statistical outliers,
the data collection became 3,408 cancer diagnosis (see box
plot graphs in the annex). These box plots graphs are based on
each cancer and by age and population and gender. As Figure
1 in the annex shows, this allows outliers for colorectal cancer
by age and gender to be detected. And so on in the rest of the
graphs. This technique uses the median, approximate quartiles,
and the lowest and highest data points to convey the level,
spread, and symmetry of a distribution of data values [16]. In
addition, all the scripts implemented for data cleaning (done
with Python) and data analysis (done with R) can be freely
downloaded from this Github repository [17]. All the data
provided in this link were generated randomly.
Each register contains the following fields: age group
(<60, 60-69, 70-79,≥ 80); gender (male, female); population
(rural, urban) and cancer type. Only the five most frequent
1ASEDAT: Software of the Catalan Institute of Oncology to select, extract
and validate cancer data [11]
2The Spanish National Statistics Institute (Spanish initials: INE) has defined
rural areas as those with fewer than 2,000 inhabitants; semi-urban areas as
those with between 2,001 and 10,000 inhabitants; and urban areas as those
with more than 10,000 inhabitants.
3GDPR: General Data Protection Regulation (EU)
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types of cancer were analysed (see incidence tables in the
annex). These being colon and rectal (1,059), urinary bladder
(446), breast (743), prostate (609) and lung (551). Gender
was divided between males (2,088) and females (1,319). The
population was divided into rural (1,821) and urban (1,587).
Finally, age was divided into 4 balanced intervals: <60 years
old with 834 cases, 60 to 69 years old with 927 cases, 70 to
79 with 968 cases and aged ≥ 80 with 679 cases.
B. Statistics
All the information presented was analyzed using Multiple
Correspondence Analysis (MCA), an extension of Corre-
spondence Analysis (CA). MCA is an unsupervised learning
algorithm for visualizing the patterns in large tables and for
multi-dimensional categorical data [18]. This method can be
used to describe, explore, summarize and visualize information
contained on individuals described by categorical variables
within a data table [19]. Unlike CA, MCA can deal with more
than one categorical variable. This is the main advantage of
the MCA technique. In our case, MCA was firstly used to
evaluate the relationships between the four features. It was then
used to evaluate the relationships between population, age and
gender for each cancer. Associations between features were
represented graphically [10]. The graphs aim to visualize the
similarities and/or differences in the profiles simultaneously,
identifying those dimensions that contain most of the data
variability. Features or their categories close to each other are
significantly related statistically.
The factors produced were interpreted with the help of
various statistical coefficients which complemented each other
to provide a better interpretation. The most common and
important are inertia, the eigenvalue and the contribution
and factorial coordinates. Inertia is a measurement of the
dispersion of the set of computed distances between points.
Analogously, in Principal Correspondence Analysis (PCA),
inertia corresponds to the explained variance of dimensions.
The eigenvalue allows the inertia that a specific category
produces to be quantified. The contribution enables us to
consider how much influence a category has in determining
a certain percentage relative to the entire set of the active
category. The percentage coordinates (x- and y-axis) of the
graph enable the category points in a graph to be represented
and established. In MCA, the distance between two or more
categories of different variables can be interpreted in terms
of the associations and correlations between these. If two
categories present high coordinates and are close in space,
this means that they tend to be directly associated. If two
categories present high coordinates but are distant from each
other (e.g. they have opposite signs), this means that they tend
to be inversely associated. If two categories present the same
coordinate sign, they can be related to each other [20], [21].
Thus, the graphic depiction aims to visualize the similarities
and/or differences in the profiles simultaneously, identifying
those dimensions that contain most of the data variability.
These MCA representations can be read like those from a
PCA: the coordinates of a product are its values for the
common factors; the coordinates of a variable are its cor-
relation with these factors [22]. Categories depicted in the
same direction on the dimension will be significantly related
statistically and have patterns of relative frequencies. This
association is also valuable statistically when the points are
located far from the origin of the graph, representing a mean,
uninformative profile [23], [24].
In this study, the MCA method was applied in scripts
performed with R [25], an open-source programming language
and environment for statistical computing and graphics. It
provides a wide variety of statistical and graphical techniques,
and is highly extensible. Specifically, the main library used
to implement the methods and obtain the results was Fac-
toMineR [26].
III. RESULTS
In this section, we first present a general analysis of the
results obtained from applying the MCA technique to the
dataset presented in section II. Then, a similar analysis was
applied to each cancer to evaluate these in isolation. It is
important to clarify the differences between contribution and
correlation to understand and interpret the results and figures
presented in this section. The contribution is used to denote
which variables explain better the variations in the data set and
are most important in the construction of the axes. In contrast,
correlation represents the relation between two variables or, in
other words, the degree of influence of one variable compared
with the other.
A. Multiple Correspondence Analysis for all Cancers
The variance obtained was 20.5% (eigenvalue: 0.46) for
dimension 1 (x-axis) and 12.7% (eigenvalue: 0.285) for the
second one (y-axis). The inertia (sum of the variances) for
these two dimensions was 33.2%. Age variance scored 0.259
and 0.582 in dimensions 1 (x-axis) and 2 (y-axis) respectively.
Cancer was 0.809 and 0.443, gender 0.765 and 0.007, and
population 0.008 and 0.107. The variable that gave the worst
results for percentage explanation was population.
Similar results were obtained when discarding the gender
variable. The variances in this case were 16.3% (eigenvalue:
0.433) for dimension 1 and 14.1% (eigenvalue: 0.376) for
dimension 2, and an inertia for these two dimensions of 30.4%.
The percentages of variances explained for population were
0.062 and 0.035.
Removing the age variable, the variances were 28.4%
(eigenvalue: 0.568) and 17.3% (eigenvalue: 0.346) for dimen-
sions 1 and 2 respectively. Thus, the inertia for these dimen-
sions was 45.7%. This was the two-dimension combination
(the dimensions are ranked with the variance) that gave the
highest inertia. Each variable variance usually increases with
the inertia. Fortunately, in this case, the population variances
(0.004 and 0.506) improved significantly. This was also the
best combination for population, the main goal of the present
work.
Figure 1 shows the variances of the overall dimensions
(6) for the combinations of variables obtained. Note that
the dimensions are ranked in descending order. It can be
seen that dimensions 1 and 2 have variances of 28.4% and
17.3% respectively. The sum of the variances of the overall
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Fig. 1. Percentage of explained variances of the overall dimensions.
dimensions is 100%. In this figure, the main idea was to show
the percentage of explained variance in every dimension and
not the influence of all the variables.
Fig. 2. Two-dimensional MCA plot. Correlations between the variables.
Figure 2 presents the results of the MCA algorithm in a
two-dimensional plot (x- and y-axis representing dimensions
1 and 2 respectively) that shows the correlations between
the variables. A two-dimensional plot gives more information
about correlations between variables than higher dimensional
ones. Thus, no higher dimensional-results were presented. It
can be seen that colorectal cancer and rural are very close
and appear in the negative y-axis (dimension 2). This means
that they are correlated. Lung and urinary bladder cancers
appear on the positive y-axis (dimension 2) where urban
contributes and on the negative x-axis (dimension 1) where
males appear. This suggests that these cancers are correlated
with urban males. Moreover, prostate appears on the negative
y-axis (dimension 2) meaning that it is significant in rural
areas. Finally, the only breast cancer is correlated with females,
with the same contribution in both areas.
The general outcomes showed a low contribution for col-
orectal cancer in rural areas. The lowest contributions are
depicted in blue in the ranking. No differences between gender
are observed, due to the location of coordinate 0 on the x-
axis. Prostate cancer (its ranked color is located in the middle
of the key) affected males in rural areas moderately. A low
affection of lung cancer was observed in urban males. Urinary
bladder cancer affected urban dwellers severely, mostly males.
Finally, as expected, breast cancer heavily affected females
independently of the area.
B. Multiple Correspondence Analysis by Cancer
This section presents the MCA results for colorectal, lung,
urinary bladder, prostate and breast cancers.
Fig. 3. Colorectal cancer. The positive and negative x-axis (repre-
senting gender variable) depicts females and males. The positive and
negative y-axis (representing population variable) depicts urban and
rural.
The first cancer studied was colorectal (Figure 3). The
variance obtained for the first dimension was 22% (eigen-
value: 0.366) and 21% for the second dimensions (eigenvalue:
0.349). The total inertia was 43%. The correlation between
the population variable and dimensions was 0.003 on the first
and 0.56 on the second. The gender correlation was 0.533
(dimension 1) and 0.035 (dimension 2), and the age group
correlation was 0.561 (dimension 1) and 0.453 (dimension.
2). The urban population was represented on the positive y-
axis (29.55% of the total category contributions in dimension
2) and the rural on the negative y-axis (23.85% of the total
category contributions in dimension 2). Gender is represented
on the x-axis (dimension 1). The female contribution was
30.13% on the positive x-axis and the male contribution was
18.43% on the negative (dimension 1). The group aged ≥ 80
contributed 32.62% in dimension 1 and 8.96% in dimension
2. The contribution of the 70-79 group was 0.001% on the
former and 28.85% on the later. The contributions of those
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aged 60-69 were 4.31% and 3.67%, and the group aged <60
contributed 14.12% and 1.70%.
The 70-79 age group was closely related to the urban
population, regardless of gender. This is a very significant
result because it has an important y-axis component (close to
1). In the <60 age band, it affected males slightly more. The
most important result was the ≥ 80 age group, where there is
a higher incidence among women. The incidence among the
60-69 age group was not significant but mainly affected men.
Fig. 4. Lung cancer. The positive and negative x-axis (representing
population variable) depicts rural and urban respectively. The positive
and negative y-axis (representing gender variable) depicts females and
males respectively.
Figure 4 shows the results obtained for lung cancer. The
variance for dimension 1 was 23.4% (eigenvalue: 0.390) and
21.7% for dimension 2 (eigenvalue: 0.362), so the total inertia
was 45.1%. In this study, the population correlation was
0.576 on dimension 1 and 0.008 on dimension 2, the gender
correlation was 0.012 and 0.530, and finally, the age group was
0.581 and 0.548. Regarding the categories variables, urban
areas contributed on the negative x-axis (dimension 1) with
25.71% and the rural with 23.48% on the positive x-axis. In
the case of gender, the male contribution was 10.53% on the
negative y-axis (dimension 2) and the female contribution was
38.24% on the positive y-axis. The ≥ 80 age group contributed
29.28% in the first dimension and 10.37% in the second. The
contributions of the 70-79 age group were 0.01% and 20.21%,
then 0.019 and 2.51% for the 60-69 age group and the <60
age group contributed 20.40% and 17.38%.
The high position of urban females <60 shows that the
contribution of this relation was very high. A moderate sig-
nificance can be observed for males aged 70-79. Finally, the
contribution for rural females aged ≥ 80 reached the same
significance as urban females <60.
In urinary bladder cancer (Figure 5), the variance for
the first dimension was 24.5% (eigenvalue: 0.407) and 22.1%
(eigenvalue: 0.367) for the second, and in consequence, the
total inertia was 46.6%. The population correlation was 0.617
on dimension 1 and 0.0004 on dimension 2, the gender
correlations were 0.024 and 0.542 and those for the age group
were 0.581 and 0.559. The urban category contributed 25.13%
on the negative x-axis and the rural on the positive x-axis
with 25.36% (dimension 1). The male category contribution
was 7.16% on the negative y-axis and that of female was
42.01%. The ≥ 80 age group contributed with 4.12% in
dimension 1 and 17.86% in dimension 2, the 70-79 age group
contributed 13.74% and 1.2%, the 60-69 age group with 6.13%
and 28.08%, and the <60 age group with 23.50% and 3.61%.
The results for urinary bladder cancer were similar to those
for lung cancer. Specifically, females aged <60 contributed
moderately in urban areas (23.50% in dimension 1 and 3.61%
in dimension 2). In the 60-69 age cohort, it affected men in
urban areas moderately but this incidence decreased among
those aged 70-79 living in rural areas (13.74 in dimension 1
and 1.20% in dimension 2). The contribution of men between
60-69 was 6.13% in dimension 1 and 28.08% in dimension
2. In the ≥ 80 age group, rural women were slightly affected
(4.12 in dimension 1 and 17.86% in dimension 2).
Moderate importance was moved to urban males aged 60-
69, dropping when reaching the 70-79 age group, in the rural
zone. And, attenuated importance was to rural females aged
≥ 80.
Fig. 5. Urinary bladder cancer. The positive and negative x-axis
(representing population variable) depicts urban and rural respectively.
The positive and negative y-axis (representing gender variable) depicts
females and males respectively.
Females are ruled out of prostate cancer (Figure 6). The
variance for the first dimension was 25% (eigenvalue: 0.5) and
25% (eigenvalue: 0.5) in the second, resulting in total inertia
of 50%. The population correlation for dimension 1 was 0.527
and this was 0 for dimension 2, and the correlations for age
group were 0.527 and 1. In this case, the gender variable was
not included because this type of cancer only affects men. The
contribution of the urban category was 28.32% on the positive
x-axis and the rural contribution was 21.67% on the negative
x-axis (dimension 1). The ≥ 80 age group’s contribution was
27.12% in the first dimension and 30.24% in the second. The
contributions of the 70-79 age group were 7.58% and 0.413%,
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for 60-69 age group, 6.34% and 0.691%. Finally, the <60 age
group contributed 8.94% and 68.64%.
In contrast to the previous cancers analyzed, rural males
<60 suffered heavily. Hardly any contributions appeared in the
60-69 and 70-79 urban age ranges. In the absence of females,
prostate cancer affected rural males aged ≥ 80 significantly.
Fig. 6. Prostate cancer. The positive and negative x-axis (representing
population variable) depicts rural and urban respectively. The y-axis has
no meaning on this occasion.
Figure 7 shows the results obtained when applied the MCA
to breast cancer for females only. The variance obtained
for the first dimension was 25% (eigenvalue: 0.559) and
25% (eigenvalue: 0.5) for the second (total inertia was 50%).
The population correlation was 0.559 for dimension 1 and
0.0 for dimension 2, and the age group correlations were
0.559 and 1.0. As explained in subsection II-A, gender was
not considered. The contribution of the urban category was
25.47% on the negative x-axis and rural contribution was
24.52% on the positive x-axis (dimension 1). The ≥ 80
age group’s contribution was 27.84% in the first dimension
and 20.42% in the second. The 70-79 age group contributed
0.002% and 50.25%. For the 60-69 age group, the percentages
were 3.85% and 13.58%, and finally, for the <60 age group,
18.29% and 15.73%.
In the data resulting after applying the screening technique,
breast cancer only presented females cases even though males
can also suffer from it [27]. This cancer affects rural females
aged <60 moderately. Among the 60-69 age group, urban
women were hardly affected. The group which contributed
the most and with a great significance was those aged 70-79,
although the type of population did not influence the results.
In the ≥ 80 group there was, as usual, a high incidence among
rural females.
Figures 8 and 9 show the contributions obtained for all
categories of cancer in the first and second dimensions,
respectively. The figures enable the categories that contribute
significantly to be detected and interpreted. They also allow
the associations to be detected by the contribution in the same
dimension. As they show, the x-axis represents each cancer
Fig. 7. Breast cancer. The positive and negative x-axis (representing
population variable) depicts for rural and urban respectively. The y-axis
has no meaning on this occasion.
and the y-axis, the contribution. The categories are represented
in each stacked bar. For example, in Figure 8, colorectal
cancer, the ≥80 age group suggests an association between
gender because it presents a higher contribution than the others
groups. However, in Figure 9 and for the same cancer, the 70-
79 age group suggests an association with the population.
IV. DISCUSSION
The MCA technique enables the analysis and detection of
new relations between categories not observed in the literature.
It helped to detect that prostate and colorectal cancer have a
high incidence in rural areas. Another important finding was
the correlation between lung and urinary bladder cancer and
urban areas.
During the period presented (2012-2014), the PCR of Lleida
registered approximately 6,000 cases of all possible types of
cancer. In this study, only the types most frequently diagnosed
cancers (see incidence tables in annex) in the region were
selected (colorectal, lung, urinary bladder, prostate, breast can-
cer). These covered a total of 3,408 cases. New relationships
were found through applying MCA to detect relations with the
features used in a health region with a good balance between
urban and rural populations. We based this on a preliminary
study [28] which concludes that the incidence of some cancers
depends more on the area. However, it does not search for
relationships geographic areas and cancers. Another starting
point is the work presented in [8]. This studied the most
important cancers and their relationship with rural and urban
areas. Their most important findings were that the incidence
of prostate cancer was most significant in rural areas and that
of breast cancer, in urban settings. These articles studied the
urban-rural incidence but did not use the MCA technique to
explore associations between categories of qualitative variables
as we do. To understand the application of MCA, we based
ourselves on a study [29] about healthy ageing, and one [30]
which concluded that bad driving and crashes could be affected
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Fig. 9. Contributions by cancer and categories in dimension 2.
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by differences between urban and rural areas, traffic volume,
driver age and more. In addition, a previous study used MCA
to analyse the prognosis in surgery for low rectal cancer [10].
However, to the best of our knowledge no prior studies have
used MCA to link types of cancers to rural or urban areas.
Firstly, all the cancers were analyzed together with MCA.
The total inertia was 32.9% and the population variance ob-
tained was close to 0 in both dimensions (0.008 in dimension
1 and 0.107 in dimension 2), meaning that this variable com-
bination performed poorly in associating the dataset centered
on the population. Next, discarding the gender variable, the
total inertia worsened (30.4%), as did the explained popula-
tion variances (0.062 and 0.035). On also removing the age
variable, the population variances improved significantly, to
0.004 and 0.506. This was the best result obtained with the
population variable. However, these good results were at the
expense of discarding such an important feature as age group.
Some important outcomes were found. These include the
lower incidence of colorectal cancer (for either gender) and
the moderate rate of prostate cancers among men in rural
areas. Males were also more significantly affected by lung
and urinary bladder cancer in urban areas. As expected, breast
cancer had a high incidence among females. This suggest new
hypotheses to deepen and study these specific cancers.
The analysis then studied each cancer separately. Among the
population aged <60, colorectal cancer affects males severely.
On reaching the age of 70-79, this shifted to the urban pop-
ulation. Significant outcomes were obtained in rural females
aged ≥ 80. This can be related to the greater age of females
in the rural population [31]. These associations with rural
populations suggest a high incidence in rural areas. A similar
rural incidence was obtained in the study into metropolitan
and non-metropolitan areas in the United States [28].
In lung cancer, the goodness of the results obtained can
be contrasted with human behaviour and genetics. First, the
migration of young people influences this in both urban and
rural areas. This is seen in females aged <60 in urban areas,
contrasting with rural zones, where it tends to affect those
aged ≥ 80. In both cases, the red in the picture shows that this
associating contribution is very high. These results corroborate
the findings of the work presented in [32]. Furthermore, this
cancer affects males in the 70-79 age group slightly more. The
60-69 contribution is insignificant in any sense.
The results for urinary bladder cancer were similar to
those for lung cancer. Urban females aged <60 and then urban
males (60-69) contributed moderately, but this decreased even
more for the population aged 70-79. Rural females aged ≥ 80
are hardly affected.
As expected, prostate cancer only affected males, with a
high incidence among the rural population aged <60 and
≥ 80. In contrast the results were insignificant among the other
groups in urban environments. The major incidence among
those aged <60 in the rural environment is very significant
and much attention should be paid to it. In this case, the
significant association between rural areas and prostate cancer
differs from the incidence of this cancer in other regions
analyzed [28]. However, a study into the incidence of cancer
in Ireland obtained outcomes that concluded that the risk was
higher in rural areas [8].
Again, of course, breast cancer only affected females. There
was a higher incidence among urban women aged <60 (as
with colorectal, lung and urinary bladder cancer). Surprisingly,
rural females in the 60-69 age group were hardly affected.
The group which contributed the most was those aged 70-79
whatever the population. This contribution was very significant
and is a clear example of a case to be studied. Again it affected
rural females aged ≥ 80 heavily.
This study has some limitations that should be noted. The
postal address registered for each case was where the patient
lived at the moment of cancer diagnose. However, this may
have changed during the study. Despite this, the number of
cases with changed addresses would be very low and this
factor is not expected to produce bias in the results. Some
lifestyle aspects, such as tobacco and alcohol consumption,
profession or other risk factors that could explain some of the
differences observed, were not taken into account.
V. CONCLUSIONS
There are incipient research efforts to search for correlations
between cancers and lifestyle, such as the effect of incidence
from living in rural or urban environments. Research using
MCA has been applied in various fields, but no one has
focused on analysing relationships between cancers and urban
and rural lifestyles. This was our main research aim.
Some important outcomes were found, such as the contri-
bution of colorectal cancer (whatever the gender) and prostate
cancers among men in rural areas. Also, there was a low inci-
dence of lung cancer but high rate of bladder cancer, especially
in urban areas, and the incidence of breast cancer has high in
both areas. These outcomes suggest new hypotheses to deepen
the study of these specific cancers.
The analysis of each cancer provided additional information.
Colorectal cancer severely affected males aged <60, and those
in urban areas aged 70-79, as well as women aged ≥ 80 in
rural areas. Lung cancer had a high impact on urban females
<60, a moderate one on males between 70 and 80 and high
again among females aged ≥ 80. Similar but lower results
were obtained for urinary bladder cancer. This was moderate
in urban females <60 and urban males aged 60-69, decreasing
for rural residents aged 70-79 and even more for rural females
aged ≥ 80. Prostate cancer, as expected, only affected males.
There was a high rate among the rural population aged <60,
but this was lower in urban dwellers aged 60-69 and 70-79
before becoming significant again among rural men aged ≥
80. In contrast, cases of breast cancer were only registered in
females in the selected period. Whatever the area, those aged
70-79 were affected the most while the incidence among rural
females aged ≥ 80, was somewhat less.
The outcomes obtained help to corroborate suspected trends
in several of the relationships detected and stimulate new
hypotheses about the risk factors and new techniques to
analyse the incidence of cancer. They also help the public
health system to focus advice on specific areas and cancers.
In future work, it is important to delve deeper into each
cancer in order to study its risk factors. This means using
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new variables, such as tumor characteristics (size, cancer stage
or degree of aggressiveness), treatments, socioeconomic ratio,
environmental conditions and mortality. Also, new artificial
intelligence algorithms can be explored to search for behavior
patterns of cancer, unsupervised clusters or to analyze risk
factors and prior patient comorbidities.
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